Background: The Hip Outcome Score (HOS) was developed to evaluate physically active patients with hip disease but without severe degenerative change. A translation and cultural adaptation into Brazilian Portuguese was previously conducted. The aim of this study was to validate the Brazilian version of the HOS (HOS-Brazil) among a group of physically active patients with a diagnosis of femoroacetabular impingement (FAI) or greater trochanteric pain syndrome (GTPS). Methods: The following questionnaires were applied: the HOS-Brazil; the validated Brazilian versions of the Nonarthritic Hip Score (NAHS) and the 12-Item Short-Form Health Survey (SF-12). The psychometric properties analyzed with regard to the validation process were reliability and validity. Internal consistency and intra-rater testretest reliabilities were analyzed using Cronbach's alpha and the intraclass correlation coefficient (ICC) statistical tests based on test-retest agreement. Construct and content validities were examined using Pearson's correlation coefficient. Content validity was also analyzed based on evidence of floor, ceiling, or both types of effects from the questionnaires. Results: A total of 70 male and female patients were selected, aged between 19 and 70 years old. The internal consistency and intra-rater test-retest reliability values were high (Cronbach's α > 0.9; ICC > 0.9). The questionnaire showed acceptable convergent (r > 0.7) and divergent (r < 0.4) validities. No floor or ceiling effects were observed. Conclusion: The HOS-Brazil was validated. Additional studies are underway to evaluate its responsiveness.
Background
The Hip Outcome Score (HOS) is an instrument used to assess patients with hip disorders who are young, physically active, or both but who do not have severe degenerative abnormalities. Other hip assessment instruments do not address this population with the same degree of specificity [1] [2] [3] [4] [5] .
Martin developed the HOS in the United States of America (USA) in 2005 to assess patients with acetabular labral tears who were physically active, young, or both [1] . The instrument was validated using two groups: individuals receiving hip arthroscopy and those with acetabular labral tears [6, 7] .
Most quality of life instruments and orthopedic assessments were originally developed in English [1, 2, 8, 9] . For these instruments to be used across cultures and languages, several steps of translation and cross-cultural adaptation should be accomplished. These steps should be followed by validation to determine whether the new instrument conserves the psychometric characteristics of the original [10] [11] [12] .
The standardized set of instructions for the translation and cultural adaptation of quality of life assessments includes five steps: translation, backtranslation, review by a committee pretesting and final translation. Guillemin et al. [10] first described these criteria, which were later revised by Beaton et al. [11] . Following translation and cultural adaptation, the measurement (i.e., psychometric) properties of instruments should be tested (i.e., validated) [12] [13] [14] .
The psychometric properties usually analyzed for the purpose of validation are reliability, validity, and responsiveness [12, 13] . These properties were standardized by researchers who developed consensus-based guidelines for the selection of measurement properties for the validation of health instruments (i.e., the Consensus-based Standards for the Selection of Health Measurement Instruments; COSMIN) to assess the methodological quality of studies that use these measurement properties [13] [14] [15] .
The present study sought to validate the Brazilian version of HOS (HOS-Brazil) using a group of physically active patients diagnosed with femoroacetabular impingement (FAI) or greater trochanteric pain syndrome (GTPS). This validated questionnaire will provide doctors and other healthcare providers in Brazil with a more specific instrument to assess this population of patients. Importantly, the hip research group at Pedro Ernesto University Hospital, State University of Rio de Janeiro (Hospital Universitário Pedro Ernesto, Universidade do Estado do Rio de Janeiro; HUPE/ UERJ) previously translated and culturally adapted the HOS [16] .
Methods
The HUPE/UERJ research ethics committee approved the present study (CEP/HUPE no. 2674). The participants were informed of the study aims and methods before signing an informed consent document.
Patient selection
A total of 70 male and female patients who were literate and physically active who reported hip pain and were diagnosed with either FAI or GTPS (as confirmed by radiograph, tomography, or magnetic resonance imaging) were selected. The participants were recruited from the Orthopedic Institute of Tijuca, a private hip outpatient clinic in Rio de Janeiro. Data were collected between December 2015 and June 2016.
Patients were excluded if they showed visual or cognitive disorders that impaired the reading and interpretation of the questions; hip arthrosis, characterized by a minimum joint space of < 1.5 mm and a severe limitation in hip range of motion [17] ; or incomplete responses to the questionnaires on day 1 and 48 h after the first application.
Study protocol
The study protocol included completing the identification form, which was composed of the clinical characteristics of the patients and the application of three quality of life assessments: the HOS-Brazil as well as the Brazilian-validated versions of 12-Item ShortForm Health Survey (SF-12) and the Nonarthritic Hip Score (NAHS) [16, 18, 19] . The participants were instructed to complete all three questionnaires (1st application or test). Approximately 48 h later, they completed only the HOS-Brazil via e-mail (2nd application or retest).
HOS-Brazil
The HOS is a self-report questionnaire composed of 28 questions divided into two subscales: Activities of Daily Living (ADLs; 19 items) and Sports (nine items) [1, 16] . The total score of each subscale ranges from 0 to 100, where higher scores denote better hip function. The scores for each subscale were calculated separately [6] .
The response options are the same for all 28 items and given specific scores that are added to the end of the assessment. Responses to the 19 items of the ADL subscale are scored from 0 to 4, where 4 is "No difficulty at all" and 0 is "Unable to perform." The scores of the individual items are added to obtain the total score, which is then multiplied by 4 to generate the highest potential score. Assuming the patients respond to all 19 items, the highest possible score is 76. The total score obtained is divided by 76. The resulting value is multiplied by 100 to express the score as a percentage. The nine items of the Sports scale are calculated in the same way, and the highest possible score is 36. A higher final score represents a better level of physical functioning with regard to both the ADL and Sports subscales [6] .
In addition, the HOS includes two questions regarding how respondents rate their current level of functioning during ADLs and sports from 0 to 100 as well as one qualitative question asking them to rate their current level of functioning (normal, nearly normal, abnormal, or severely abnormal). The responses to these three questions are not considered in the HOS final score [20] .
Psychometric properties
To validate the psychometric properties of the HOSBrazil, its reliability and validity were assessed according to the COSMIN checklist [13] [14] [15] .
Reliability is a psychometric property that measures the degree to which a questionnaire is free from measurement error; furthermore, this process establishes whether the scores remain similar after repeated application to the same sample on a different occasion and without the influence of treatment. The reliability of the HOS-Brazil was assessed based on the following properties: internal consistency, intrarater test-retest reliability, measurement error, and concordance [12, 14, 21] .
Internal consistency assesses the ability of a set of questions to measure a similar concept. Test-retest reliability is a measurement property that assesses the ability of a questionnaire to yield similar results when the same respondents are assessed on a different occasion without undergoing any change in health. Concordance is related to systematic and random errors in the respondents' scores that are not attributed to true changes in the construct to be measured [12, 14] .
The reliability of the HOS-Brazil was investigated using a sample of 70 patients who responded to the questionnaire twice with a 48-h interval. In between applications, no new medications, therapies, or procedures were introduced that were likely to induce rapid changes to the patients' clinical conditions. The interval between the test and retest was selected based on two criteria: The period of time was held long enough for the respondents not to remember their previous responses but was simultaneously brief enough for no changes to occur to the patients' clinical conditions [12, 14] .
The psychometric property of validity concerns the degree of instrument precision (i.e., whether it conserves the precision of the concept that it intends to measure). Validity assesses whether a new instrument retains the characteristics of the original version and is composed of three measurement properties: construct validity, content validity, and criterion validity [12, 14] .
Construct validity corresponds to the degree to which an instrument's scores are consistent with the hypotheses based on the assumption that the instrument measures the intended construct. Content validity estimates the degree to which the content of a measurement instrument is considered as an adequate reflection of the construct to be measured. Criterion validity determines the degree to which an instrument's score adequately reflects the instrument considered as a "gold standard." Criterion validity was not assessed in the present study because, according to the COSMIN formulators, no health assessment instrument is considered as a "gold standard" [12, 14, 21] . Therefore, the validity of the HOS-Brazil was assessed based on only construct and content validity.
Statistical analyses
The intraclass correlation coefficient (ICC) and Pearson's correlation coefficient were used to analyze test-retest reliability [22, 23] . Internal consistency was assessed using Cronbach's alpha [24, 25] . This statistical technique is based on the number of items and their homogeneity within a scale. A paired-sample Student's t-test was used to compare the scores obtained for the first and second applications of the HOS-Brazil [23] .
Measurement error was calculated based on the standard error of measurement (SEM) and minimal clinically important difference (MCID). SEM was calculated by multiplying the square root of 1 minus ICC times the standard deviation of the scores obtained for the first application of the HOS-Brazil. The MCID was calculated by multiplying the SEM times 1.96, which is equivalent to the z-score of the 95% confidence interval and the square root of 2 [12, 26] .
Concordance was assessed based on the graphical representation of the measurement error between test and retest via Bland-Altman and concordancesurvival plots [27] [28] [29] . The former quantifies concordance using limits of concordance based on the means of the test and retest as well as the difference between both assessments. These statistical limits are calculated using the mean and standard deviation of the differences. A linear regression curve of the Bland-Altman plot was modeled to assess the presence of proportional bias [27, 28] . The independent variable (x-axis) used for the linear regression was the mean of both assessments, and the dependent variable (y-axis) was the difference between both assessments. The null hypothesis stated that the slope of the regression line would not differ from zero. Proportional bias alludes to a situation in which the difference between the two measurements is not constant across the full range of possible scores as indicated by the p-value obtained for regression analysis (p < 0.05). If the difference between the scores obtained at two measurements is constant and independent of the scores' magnitude, then it is described as a fixed bias [27, 28] .
Construct validity, both convergent and divergent, was assessed using Pearson's correlation coefficient. The HOS-Brazil was compared with the NAHS and SF-12, which have already been validated for Brazilian Portuguese. The aim of the construct validity assessment was to investigate the convergence and divergence of the HOSBrazil relative to the NAHS and SF-12 [23] . Content validity was assessed based on the presence of completed questionnaires scored as zero or 100 (maximum score), i.e., floor or ceiling effects, respectively [30] .
A descriptive statistical analysis was performed to characterize the study sample. The psychometric properties of reliability and validity were analyzed using GraphPad Prism software, version 7.00 for Windows (GraphPad Software, La Jolla, California, USA). The significance level was set at 0.05.
Results

Patient characteristics
Of the 70 selected patients, 46 (65.7%) were female, and 24 (34.3%) were male. The average age was 42.9 ± 12. 9 years old (range: 19 to 70 years old). A total of 44 (62. 9%) patients were diagnosed with GTPS, and 26 (37.1%) were diagnosed with FAI.
Questionnaire results
The scores on the three applied questionnaires ranged from 2 to 99; higher scores denoted better quality of life (SF-12) and hip function (NAHS and HOS-Brazil). Table 1 describes the means, standard deviations, minimums, and maximums associated with the applied questionnaires.
Psychometric properties
A. Reliability
Internal consistency
For the first application of the HOS-Brazil, Cronbach's alphas were 0.95 and 0.92 for the ADL and Sports subscales, respectively ( Table 2 ). The elimination of any isolated question did not significantly change the Cronbach's alpha value for any subscale; therefore, no questions were eliminated from the HOS-Brazil.
Intra-rater test-retest reliability
The value obtained was 0.99 for both subscales, with 95% confidence intervals (95% CIs) of 0.986-0.995 and 0.990-0.996 for the ADL and Sports subscales, respectively (Table 2) .
Measurement error and concordance
Paired-samples Student's t-tests did not show significant differences in the average test-retest scores for either the ADL (p = 0.84) or Sports (p = 0.82) subscales. The correlation between the test and retest scores was 0. 992 (95% CIs = 0.986-0.996, P < 0.0001) for the ADL subscale and 0.994 (95% CIs = 0.990-0.996, P < 0.0001) for the Sports subscale.
Concordance limits and CIs were analyzed. The Bland-Altman plot showed a mean error of the difference between the test and retest scores of − 0.1 for both subscales (95% concordance limits = − 4.5 to 4.5 for the ADL subscale and − 5.3 to 5.2 for the Sports subscale). The two dotted lines represent the upper and lower concordance limits. The P-value of the regression analysis showed that the curve slope did not deviate from zero (P = 0.26 for the ADL subscale, P = 0.14 for the Sports subscale; Fig. 1a and b) .
The concordance and survival plots revealed two findings: a difference of 7 in the ADL subscale scores (Fig.  1c) and of 6 in the Sports subscale scores (Fig. 1d) , representing 95% agreement between the test and retest scores.
The SEMs were 1.7 and 1.9 for the ADL and Sports subscale scores, respectively. The calculated MCID was 4.6 for the ADL subscale score and 5.5 for the Sports subscale score.
B. Validity 1. Construct validity
Convergent construct validity was estimated based on the correlation between the HOS-Brazil ADL and Sports subscale scores (1st application) and the NAHS total score and SF-12 Physical subscale score. The values of all Pearson's correlation coefficients were over 0.7, except for the correlation between the HOS-Brazil Sports subscale and the SF-12 Physical subscale, which was 0.685 (Table 3) . Next, the divergent construct validity between the HOS-Brazil and SF-12 was analyzed. Pearson's correlation coefficient was calculated to investigate the presence of a correlation between the HOS-Brazil ADL and Sports subscale scores and the SF-12 Mental subscale score. The results obtained were less than 0.4, indicating a low correlation and, consequently, a lack of convergence (Table 3) .
Content validity
The obtained content validity was satisfactory; no questionnaire exhibited scores of zero or 100 (maximum score); i.e., floor or ceiling effects were not found with regard to the HOS-Brazil (Fig. 2) .
Discussion
The HOS is a quality of life assessment instrument specific to people with hip disease without severe degenerative abnormalities that was originally developed in English [1] . The HOS was translated and cross-culturally adapted into German, Korean, Spanish, and Brazilian Portuguese [16, 20, 31, 32] . The German, Korean, and Spanish versions are already validated for use in their corresponding countries [20, 31, 32] . A group of physically active individuals diagnosed with FAI or GTPS was selected for the present validation study of the HOSBrazil.
A total of 70 patients with an average age of 42. 9 years were assessed for the present validation of the HOS-Brazil. In the validation studies of the German, Korean, and Spanish versions, the numbers of patients varied from 60 to 100, and their average age varied from 33 and 45 years [20, 31, 32] . Therefore, the average age of the patients included in the HOSBrazil validation study was similar to that of the German, Korean, and Spanish studies. Females were more prevalent in the population included for the HOSBrazil study, which matches the sample recruited to validate the original HOS as well as assess its reliability and responsiveness [6, 33] .
The values for internal consistency were high (> 0.9) for both scales (0.95 and 0.92 for ADL and Sports, respectively). According to Hair et al. [25] the minimum recommended value is 0.7; 0.8 to 0.9 is rated as moderate to high; and > 0.9 is high. Therefore, the questions included in both subscales likely provide a clear reflection of the subject they investigate, which is indicative of sufficient homogeneity among all the items [24, 25] . These internal consistency findings are similar to those obtained in the validation of the original version (and other versions) of the HOS [6, 20, 31, 32] .
The HOS-Brazil exhibited excellent intra-rater testretest reliability, with an ICC of 0.992 for the ADL subscale and 0.994 for the Sports subscale. An ICC ranging from 0.4 to 0.75 is considered satisfactory, whereas values ≥0.75 are considered excellent [32] . The analysis showed that all of the ICC values resulting from the comparison of the first and second application were over 0.9 for both subscales. This finding indicates high intrarater test-retest reliability and shows that the HOS-Brazil is reliable. The time interval between the test and retest was 48 h.
In the validation studies of the German, Korean, and Spanish versions of the HOS, the median time between assessments was 10 to 21 days [20, 31, 32] . Perhaps these intervals were not brief enough to ensure that no changes occurred to the clinical conditions of patients. In addition, it is difficult to assert that the patients did not receive any therapeutic support during that time. Nevertheless, the results regarding the HOS-Brazil were similar to those obtained after assessing the reliability of the original HOS and the aforementioned translated versions, the overly long interval between test and retest notwithstanding [20, [31] [32] [33] .
The SEMs for the HOS-Brazil ADL and Sports subscale scores were 1.7 and 1.9, respectively, and the MCIDs were 4.6 and 5.3 for these scores, respectively [12, 33] . In the reliability study of the original HOS, the MCID values were ± 4 and ± 8 for the ADL and Sports subscales scores, respectively [33] . For the German version, the SEMs were ± 4 and ± 8 for these scores, respectively, whereas the MCIDs were ± 11 and ± 22, respectively [31] . For the Spanish version, the SEMs were ± 5.1 and ± 8.5 for the ADL and Sports subscales scores, respectively, whereas the MCIDs were 13.7 and 22.8, respectively [20] . The discrepancies in the results of the HOS-Brazil compared with the German, Korean, and Spanish versions might be because of the overly long intervals between the test and retest of the latter. Knowledge of the amount of measurement error contributes to the assessment of the outcomes of surgery or other treatments received by patients as well as indicates whether clinical changes relevant to patients occurred [12, 14] . 
